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Claim 

1. Particles cornpoeed of a fusion protein 
coiT^prieing HBcAg to the amino tertninus of which is linked 
a heterologous antigenic epitope, excluding the first 
eight amino-acids of S-Galactosidaee , which epitope is 
exposed on the outer surface of the particles. 

9. A DNA sequence encoding a fusion protein 
comprising HBcAg to the amino terminus of which is linked 
a heterologous antigenic epitope, excluding the first 
eight amino-acids of 6-Galactosidase . 

5. Particles according to claim 4, wherein the 
antigenic epitope is an epitope of foot-and-mouth disease 
virus, poliovirus, human rhinovirus, influenza virus or 
hepatitis B virus surface antigen. 

7. A vaccine comprising, as active ingredient, 
particles as claimed in any one of the preceding claims 
and a physiologically acceptabl carrier or diluent. 
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Thl» invention rtlatas to th« construction o£ 

fusion protsins. 

cepatitis B virus is • DNA virus with a partly 
doubla strandad ganoaa o£ 3200 nuclaotidas. Tha viral DNA 
is surroundad by tha viral coded cora antifan (BBcAg) which 
is anclossd by tha similarly codad surface antigen 
(Robinson, 1977). Raaoval of the surface antigen by «ild 
detergent treatnent leaves a cora particle 27nB in diameter 
compoted of BBcAg and the viral DHA. BBcAg haa been 
expressed in sicrobial cella aa the native polypeptide and 
as a derivative fused to tha tarainal aight residues of 
beta-galactosidase (see Rurray at al, 1964 for refs). 

Khen synthesited in B. coli the core protein self 
actetblcs into 27 na particlas which can be visuallrad 
under the electron nicroeeopa (Cohan and Kichaond, 1982) 
and which are i»Bunogenic In laboratory aniaala (Stahl at 
al, 1962). The ecino acid sequence of tha cora antigen 
shows a region towards tho carbory terainus which is 
ho&ologous with that found in protaainaa (DNA binding 
proteins). Cy 

inference, it has beon suggeatad that thia part of the 
nolacule interacta with DKA during aaaeably of cora 
particles (Paeek at al. 1979). 

We hev pr vi usly sh wn that it la p ssible to 
express icsunogenic epitopes f f ot-and-aouth disease 



virus (FKDV) «s fuHon prot.ln. to b«t»-gelacto»ide»e in 
bact.rial cytt.o. and aLo in c.U. inf.cted with 
recombinant vaccinia vicu. (Winth.r at al. 1986, N.wton .t 
al, 1986). 8inc. bata-salacteaidaa. in it. activ. £or« 
5 .x'iata aa a t.traB.ric atructura. tha natura of tha fuaion 
waa .uch that only four copiaa of tha FHDV a.qu.nca vould 
b. pr.a.nt on oach complex but th.aa only rapraaant about 
2% of tha wai9ht of tha fusion protaln. furthar. ani.ala 
vaccinatad with tht recombinant vaccinia virua failad to 
10 produce nautraliclng antibody (Nawton at al, 1966). Tha 
raaaon for thia poor racponaa may ba bacauaa 
bata-galactoaidaaa ia axpraatad in tha cytoplasm. 

in order to improve the praaentation of FKDV . 
apitope to the immune ayatem, we have fused the FttDV 
15 aequence to the BBcAg. OKA aaquancea were conatruct.d, 
•ach encoding a fusion protein comprising HBcAg to the 
amino terminua of which waa llnkad FHDV VPl r.aidu.a 141 to 
160. The fusion gene sequence waa incorporated into the 
vaccinia virus genome. Cella infected with the recombinant 
15 virus expressed the fusion protein strongly. The 
rocoDblnant protein self .assembled Into particulate 
structures. These bcve a high density of externally 
located FKDV epitopes. Dy axpreaslng the FHDV epitope in 
this way. It IS posslbla to present it In a mere vlru.-UK 
20 form. 

This approach for presenting antigenic eplt p s 



to the imauntt tyttmm has gnn^ral applicability. Accord- 
ingly, the present invention provides a DNA sequence 
encoding a fusion protein cocprising EBcAg to the amino 
tereinus of which is linked a heterologous antigenic 
epitope. 

For expression of the fusion protein, the DNA 
sequence is incorporated in an expression vector. The DNA 
sequence is incorporated in a vector such that the vector, 
vhen provided in a suitable procaryotic or eucaryotie host, 
is capable of expressing the fusion protein. The vector 
nay be a plas&ld. Alternatively, the vector nay be a 
viral vector which incorporates the DNA sequence such that 
the fusion protein is expressed by cells infected with the 
vector. The fusion protein is obtained in particulate 
fora. The fusion protein is used aa a vaccine. Vaccines 
nay therefore comprise the fusion prottin and a 
physiologicclly acceptable carrier or diluent. In view of 
the apparent involvement of the carboxy terminus of the 
EEcAg in DNA interaction ct the centre of the hepatitis B 
virus, the heterologous epitope Is fused to the amino 

te minus of the CDcAg. The epitope 
c^y be fused directly to the EDcAg. Alternatively, the 
heterologous epitope coy be fused to the BBcAg via an 
Intervening linker. Cuch a linker aay be compos d of one 
or mor , for oxomple up t ten, amln acid residues. The 
precore CDcAg signal omin acid s quence, which n rmally 1 
located Immedi tely b fore the amln terminus of the RBcAg 
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Bcy therefor* b« tbtent fron th« fusion protein or pdrt of 
it Bey coDprise the linker. To the •«ino-terminu» of the 
heterologous epitope Boy be loceted one or »ore eaino acid 
reeiduee prior to e ret residue corresponding to a 
5 trenslstional start codon. 

Any heterologous antigenic epitope may be fused 
to the EBcAg. Dy -heterologous- is Beant an epitope vhich 
is not an epitope of BBcAg. The sise of the epitope Bay b 
froB four to twenty six aBino acid residues. Two or Bore 
10 heterologous antigenic epitopea Bay be provided. In this 
way, polyvalent vaccines can be presented. 

The heterologous epitope Bay be that of a virus, 
bacterium or protosoen. As exaaples of viral epitopes,, . 
there Bay be Bcntioned those o£ rWDV. poliovirus, huaan 
15 rhinovirus. 'influensa vlrus^nd hepatitis B virus surface 
antigen (BBsAgT. prbtor bin whose epitopes Bay be provided 
include the Bslaria parasite Plaenodiua falcioarua. 

The Bajor rKDV antigenic sites correspond to 
CBlno acid rcciduec HI to 160 and 200 to 213 of the VPl 
:0 cepsid protein. Either or both of theae sequences of aBin 
acid residues coy therefore constitute the heterologoua 
antigenic cpitope(s). Alternatively, parts of theae 
cequencea nay be provided e.g. residues 142 to 145, 146 t 
151, 142 to 151 or 142 to 160. A suitable DNA construct 
25 incorporctlng VPl cBlno acid residues 142 to 160 of fWDV 
type Oj raufbcuren, end its cetresp nding amin acid 
s quence as denoted by the ne-letter code, is sh wn below 
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TTTTTTTCTATCCTATAAATCXATTCAC.CT 

It N 6 A 

CCOAACCTCCCTCOTCACCTCCAOCTTCTG 
IVPl 

GCTCAGAAACTTCCTCCIACCCTGCCOCGA 

AQKVARTJ'^ C 

VPll I 



CCTCCGCATCC6CGC0CCCTTG0GTGGCTT 
LINKER 1 I 



15 

• ••• 
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CCGGCATGCACATTCACCCTTATAAACAA 



T 



KEPATITIS B CORE ANTIGEN 

T T T 

20 

r 



Tht DKA e«qu»nc« •needing th« fution protein can 
be prepared starting fron • DNA eequence encoding nBcAg. 
£ r example a plaanid incorp rating the HBcAg gene. A DNA 
25 . quence needing the heterol g ue antig nic pitopet be 
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included in the fution protein is ligated in the correct 
frame to the 5' end of the EBcAg gene. A vector capable of 
expreaaing the fiuaion protein nay be prepared by 
incorporating a DNA aequence encoding the fuaion protein 
5 between tranclational atart and atop aignala in a vector 

and providing a pronoter for the aequence. By tranaforming 
auitable host cclla vith auch an expreaaion vector, the 
fuaion protein can be produced. 

A viral vector capable of expressing the fuaion 
10 protein oay therefore be prepared by incorporating a DNA 
aequence encoding the fuaion protein between tranalational 
•••• atart end stop signals in the genofie of a virus and 

providing a promoter for the aequence* Typically, this may 

be achieved by: 
15 (i) constructing a ahuttle vector which 

incorporatea , under the tranacriptional control of a 
promoter, a DNA sequence encoding the fusion protein 
between t rtnslationtl start and atop aignala; and 

(ii) transf acting with the ahuttle vector and 
20 infecting with a virua mammalian cella auch that the DNA 
aequence and the promoter are incorporated in the viral 
genome. 

The DNA aequence compriaea DNA encoding the 
heterologous antigenic epitope immediately upatream of and 
25 in th correct frame in relati n to the BBcAg gene. The 
DNA a qu nee and prom ter &re incorporated in the viral 
genome by homologoua rec mbination. Appropriate flanking 
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sequences of viral DKA ere therefore provided on either 
side of the DNA sequence end promoter in the shuttle 
vector. The fusion protein is expressed by cells infected 
vith the resultant reconbinant virus. 

The shuttle vector is typically a plas&id. Zt 
comprises a bacterial origin of replication to enable the 
manipulation required in step (i) to be carried out in 
bacteria, especially C> coli . The promoter is typically a 
viral promoter, more preferably a promoter endogenous to 
the virus into the genome of which the DNA encoding the 
fusion protein is to be inserted. The heterologous 
antigenic epitope is generally prepared by chemical 
synthesis and/or by cloning. A linker DNA sequence may be 
provided between the heterologous epitope and the RBcAg. 

A vaccinia virus system may be used. A shuttle 
vector may be constructed in which the fusion protein gene 
is incorporated under the transcriptional control of a 
vaccinia promoter. A suitable promoter ia the vaccinia 
pllk promoter. The promoter and fusion protein gene are i 
flanked by vaccinia virus DNA which is not essential for 
virus replication. T^^ically, flanking segments of the 
vaccinia gene for thymidine kinase (TK) are used. The 
fusion protein gone is present between DNA encoding 
translational ctart and stop signals. 

The vaccinia promoter and fusion protein gene ar 
then insert d into the vaccinia genome by h a 1 gous 



reconblnttion. This Is typically schlsv.d by Infecting 
oaBoallan calls with vaccinia virus such as the wyath (US 
vaccine) strain and also tcansfectlng the cells with the 
chuttle vector. The site o£ insertion is determined by the 
flanking vaccinia ONA segoents of the shuttle vector. By 
Beans of hoxDologeus reconblnatlon the functional TR gene of 
the wild-type virus is replaced by the non-functional TK 
gene sequence Included vlthln which is the fusion protein 
gene. The resulting recombinant virus is TK* and can 
therefore be selected accordingly. 

The fusion protein incorporating the antigenic 
epitope is expressed In cells, typically »am«allan cells as 
below. Infected with the recoablnant viral vector. The 
fufion protein Is obtained fro. the cells In conventional - 
i .anner e.g. by lyslng the cells followed by centrlfugatlon. 
The fusion protein self-asseinbles within the cells to form 
particles. These particles closely resemble the 27 nm core 
particles conposed of KDcAg and viral DNA which can be 
obtained by denaturing hepatitia B virus. The heterologous 
0 epitopes are exposed on the outer particle surface. 

The fusion protein My also be obtained using 
other expression systcM. expression Bay be achieved in 
eny other suitable host, procaryotic or eucaryotic. This 
eeans that c conpetiblo heet cu»t be selected, foe example 
IS one m which the fusion protein is neither degraded by 
endogenous proteases nor toxic to the host. Such • host 
aay be sel cted by a person skill d in the art, with 
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routine «xpe r Inentation if necessary. We in fact were 
unable to produce a rKDV-BBcAg fusion protein in E> coli . 
The problea ia apparently one of toxicity to the bacterium 
of the rWDV aequcncea vhich ve used* BBcAg by itself can 

5 be expressed stably in C. coli . It la therefore the effect 
of the extra sequence cooprising the heterologous antigenic 
epitope on the Z. coli which appeara to be controlling. 

As a procaryotic host, C. coli strains aay be 
employed. Other microbial strains vhich nay be used are 

10 bacilli such as Dccilluc eubtilis and other 

enterobacteriaceee such as Celponella typhinuriun or 
Scrrietia parcecenc . Various pseudoeonas species may be 
used. Plasttid vectors are typically used to transf ormsuch 
hosts. The plasttids generally contain an origin of 

15 replication and control sequences vhich are derived fron 
species compatible vith the host. Harking sequences 
capable of providing phenotypie selection in transformed 
cells are ordinarily present in the plasmid. 

Cells from vertebrates or invertebrates, 

20 preferably macmalian cells, can be used as eucaryotic host 
cell lines. Cell lines such as VCRO, BeLa, CBO (Chinese 
hamster ovary), Ki38, CBK, COS-7, KDCK and CV-l may be 
ocployed. expression vectors for such cells generally 
contain an origin of replication, a promoter located in 

25 front f the gene to be express d, and any nec ssary 
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rlbo»ofte binding »ite«, RNA splice site*. polyBdenylation 
sit« and transcriptional tarainetor sequences, viral 
proBCters preferably are eDployed. Viral vectors as sbove 
may be used, such as a baculovirus expression system. 
5 Cucaryetic aicrobea such as yaast cultures aay 

»lternatively be used as host cells. Saccharoayces 
eerevisioe strains can therefore be employed. X plasmid 
vector such as plasmid YRp7 is typically utilised to 
tansform such hosts. Any plasmid vector containing a 
10 yeast-compatible promoter, origin of replication and 
termination aequences is suitable. 

The fusion protein may be used as a vaccine for a 
human or animal. 2t may be •iministered in any approprlarte 
fashion. The choice of whether an oral route or a 
15 parenteral route such as sub-cutaneous, intravenous or 

intranuscular administration is adopted and of the dose _ 
dependa upon the purpose of the vaccination and whether it 
is a human or masaaal being vaccinated. Similar criteria 
govern the physiologically acceptable carrier or diluent 
20 employed in the vaccine preparation. Conventional 

formulations, carriers or diluents may be used. Typically, 
howevc;, the fusion protein is administered in an amount f 
10-1000 ug per doca. uore preferably from 10-100 ug per 
dose, by either the oral or the parenteral route. 
25 The following example illustrates the present 

invention. In the accompanying drawings: 



Figure 1 shows the construction of plasmid pFOHc; 
Figure 2 shows the shuttle vector pvFOHC, the sequence of 
which contains two in-phase initiation codons separated by 
the FMDV VPlj^j^^jp sequence and six amino acids of the 
authentic HB "pre-core" sequence; 

Figure 3 presents the results of sandwich CLISA of cell 
lysates from wild-type (Wyeth) or recombinant (vFOHC) 
infected cells; 

Figure 4 shows the sucrose gradient profile of core 
reactive material; and 

Figure 5 shows the results of labelling wild^type-vaccinia 
virus and recombinant (vFOHc) infected cells with 
' ^ S*methionine and analysing the cellular supernatants by 
immunopr ecipi tation with KBcAg reactive antisera and 
polyacrylamide gel electrophoresis (PAGE)* 

EXAKPLS 

Two clones were used to construct the fusion protein 
described in this study. One clone representing hepatitis B 
core antigen (KBcAg) was obtained from Dr. P. Highfield 
(pWRL 3123). This clone had been modified at the NH, 
terminus such that it could be expressed in bacteria as a 
fusion protein to the E. cpli protein TRP E , E. coli KBlOl 
harbouring pKKL 3123 was deposited at the National 
Collection of Industrial Bacteria^ Aberdeen* GB on 6 March 
1967 under accession number KCIKB 12423. A second clone 
representing FKDV 142-160 sequences from 0^ Kaufbeuren 
linked to the amino terminus of &*galactosidase was obtained 
from Dr. K. winther (pKRL 201) (Winther et al, 19B6). 
Restriction maps of each clone are shown in Figure 
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1. As can be seen in Figure 1, the junction between the 
rKDV sequence And the P-galac tosidase cosprises a Baa HI 
restriction site. The strategy undertaken therefore 
involved the fusion of tho FKDV sequence and the BBcAg 
5 sequence through this D&d EI site. 

Th« initial stage in the construction therefore 
involved insertion of a synthetic oligonucleotide linker 
for Een HI at the 5' end of the BBcAg gene of pWRL 3123. 
10 The site used for insertion of the linker was the Nar I 
* * •* site at position 290. fiovever a second Kar I site at 

position 1230 vas also present in this plas&id. The 
plasmid vas therefore partially digested vith Nar I so that 
a population of plasnid &olecules which had been cut at 
15 only one Kar I site could be observed by agarose gel 

electrophoresis and purified. After flush ending the Kar I 
sites using the Klenow fragnent of DNA poly&erase I, a 
synthetic oligonucleotide linker representing a Bam HI site 
vas ligated into the partial r:tr I digest and the resulting 
20 plascids were used to transforn C> coli > Clones were then 
analysed for the presenca of a Deo EI linker in the correct 
izct I site by restriction napping. 

One such clon»« docignated pEB208, was isolated 
end OtCA prepared. The length of the Ddp HI linker had been 
25 cpocifically chocon co thot, when ligated to the rnov 

portion of p^L201 (rig 1), the translational reading fra&e 
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would ba continuous and a fusion protain could be produced. 
Concomitant with the insertion o£ the Baa HI linker, the 
Mftr I site into which it had been inserted, was destroyed. 
It was therefore possible to recove the HBcAg sequence from 
pCB20B by Pats HI - IZnz I digestion whereupon a DNX fragment 
of 960 basea vas produced. Similarly a Bam HI - Nar I 
fragment from pt^L201 of approximately 3.S kilobases was 
purified. These two fragments were ligated together and 
the correct clone (prOBc) wrs identified by restriction 
0 mapping. 

As can be seen from Figure 1, prOHc can be 
expressed in bacterial cells under the control of the tac 
promoter. In order to facilitate the transfer of the 
hybrid gene to a vaccinia virus (W) shuttle vector, 

5 however, placmid prOHc was cut at the single War I site and 
a second CcoRI site was introduced as a synthetic linker. 
This enabled the complete hybrid gene to be isolated as an 
Ccori fragment. 

7he W shuttle vector waa pVpllk which was 

0 derived from the vector pESJARlA (Newton et al, 1966) by 
deletion of cxtranooue W sequences. This shuttle vector 
has a W procoter (in this case pllK) inserted into W 
thycidine hlnece (7R) ^ono. This vector has a unique EcoRI 
site icDedictely folloving the W pllk promoter and AUC 

5 (Bortholet t alt 19G5). The Cc HI site and AUG are in the 
same translations! reading frame as the amin terminal 



Cconi tite of the hybrid 9«n« in pfOHc. The rnov-HBcAg 
gene v&s therefore in&erted ee the CcoRI fragment into 
Ceor.I cut dephocpherylfttod pvpllk. Clones with the hybrid 
;ene in the correct oriontetion relative to the pllk 
profioter vere identified by restriction sapping. This 
clone was detignated pvFOBc (Figure 2). 

This chuttlo placBiid vae then inserted into the 
genoce of the Kyeth (US vaccine) strain of W, under the 
control of the pllk pro&oter# by homologous recombination 
using the flanking TR sequences (ftackett et al, 1985 a and 
b). Individual progeny plaques with a TR* phenotype were 
screened for the presence of rnO-BBcAg DNA by dot blot 
hybridisation. 

CV-1 Cell lysates from wild-type (Wyeth) and 
recoc±>inant (vPOHc) infected cells were screened for the 
presence of core antigen end for PKDV sequences by sandwich 
CLICA. Antigen from infected cello waa bound to CLIEA 
plctcc ucing cither TKD virus particle (146S) or TtiO VPl 
Kl-lCO antisoro raicod in rcbbits. Sach trapped antigen 
was then osccceed for the presence of either EBc, FKD 1465 
or r;;D V?l 1<2-1C0 epitopes by binding with the respective 
^inea pig cnticera end dovolopnent with anti guinea pig 
peroridtce conjugate. The results are shown in Figure 3. 
Ac con be cccn in Fig 3, a protein recombinant from (vFOBc) 
infected coll lycctos wos trapped with anti-FHDV 141-160 
antiserum and this protein c uld then r act with anti EBc, 



anti-rMDV and rnov antivirion aarum in a aandvlch 

CLI8A. 

rurthercorc, thia protain could be puriflad by 
ultracantrifugation ouggaating that it vaa particulata in 
natura« Thia vaa illuctratad Bora claarly vhan tha 
producta of ccntrif ugation vera aadinantad on a aucroaa 
denaity gradient and froctiohe vara ra*aasayad for tha 
praaenca of cora antigen by CLZ£A. Call lyaataa from 
reconbinant (vFOKc) vaccinia virua infected celle or 
bacteria expreaaing native core antigen were fractionated 
on 15-45% aucroaa gradionta. rractiona were aaaayed for 
the preaence of core reactive material by indirect aandvich^ 
CLISA uaing hunan anticore anciaerun aa trapping antibody 
and guinea pir ECc antigen antiaerutt for detection. The 
reaulta are ahovn in Figure 4. The poaltion at which FKD 
virua acdi&enta ia alao indicated. Fig 4 ahowa that a peak 
of CCcAg reactive Datorial vaa obaerved in a poaition 
cicilcr to that obaerved when core particlee expreaeed in 
bacteria vre centrifu^cd in parallel. Thua it appeara that 
the praaenca of the FKDV VPl^^^.^^^ aaquence doea not 
intorfore with the particulate nature of the core 
particlca. 

Tho ability of the £uaion protein to aelf 
cccocble into rc^ulcr^ £7nc core like perticlea waa 
c nCiTDod by electron ciicro&ocopic exeminetion of iftnune 
cocplos a Corced with eucroee gradi nt purified aaterial. 



The coeplex«fC vcre forced by reacting the rnov-HBcAg 
particles with entiaeruc raised to intact foot and nouth 
disease virus. The cooplexea vera adsorbed to fors over 
coated grids and negatively stained vith phosphotungsti c 

5 acid. As vas to be expected from the CLXSX data shown in 
rig 3, iuune cocplexes were also seen after reacting the 
particles vith antisera to BBcAg or to synthetic rKDV 
peptide 141-160. 

Finally, the nature of the polypeptides 

10 synthesired in CV^l cells Infected with wild-type vaccinia 
virus or vPORc by labelling the cells with ' * S-&ethionine 
and analysing the cellular supernatants by 
i&fflunprecipitation vith EBcAg reactive antisera and PAGE. 
Infected cells were pulse labelled vith * • S-nethionine for 

15 1 hour and total cell lysates prepared. 

I&nunoprecipitation of labelled proteins vas carried out 
vith vaccinia virus antiaerun (A,D), hunan BepB antiserun 
(D,C} or guinea pig EEc antigen antiserua (C# r). 
rrecipitcted proteins vore then analysed by PAGE and 

20 f luorography • The recults rre shovn In rigure 5. The 
position oC the PKDV vri^^,^^^^ -tSDcAg fusion protein is 
crrowod. As cho%m in rig 5, several proteins are 
epecifically precipitated froo extracts of recombinant 
(vEOrc) infected cells by CBcAg cintiaeruB* Tvo of these 

25 proteins (Kol. ICt. 25no end 20 RD) represent the complete 
fusion protein and a derivative having lost a 5Kd fragment 
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froB its carboxy terninus by proteolytic digestion which 
would correspond to rwpv VPl^ , , , ^ , ,-HBeAg (Hackay et al, 

1961). 
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Hurray et al (1964) CKOO Journal 3 645-650 
Newton et al (1966) Vaccines 86 t New Approaches to 
iBUBunixation, Cold Spring Barbor Laboratory, 303-309 
Pftsek et al (1979) Natur* 262 575-579 
15 Robinson (1977) Ann. R*v. Kicroblal 31 357-377 

« 

etahl et al (1962) Proe. Natl. Acad. Sci. USA 79 1606-1610 
Kinthtr et al (1986) J.XBsunol. 136 1835 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. Particles composed of a fusion protein 
comprising HBcAg to the amino terminus of which is linked 
a heterologous antigenic epitope, excluding the first 
eight amino-acids of fi-Galactosidase , which epitope is 
exposed on the outer surface of the particles. 

2. Particles according to claim 1, wherein the 
heterologous antigenic epitope io fused directly to the 
HBcAg . 

3. Particles according to claim 1, wherein the 
heterologous antigenic epitope is fused to the HBcAg via 
a linker of from one to ten amino acid residues. 

4. Particles according to any one of the preceding 
claims, wherein the heterologous antigenic epitope is an 
epitope of a virus, bacterium or protozoan, 

5. Particles according to claim 4, wherein the 
antigenic epitope is an epitope of foot-and-mouth disease 
virus, poliovirus, human rhinovirus, influenza virus or 
hepatitis B virus surface antigen. 

6. Particles according to claim 4, wherein the 
antigenic epitope is an epitope of Plaemodium falg.iparvm' 

7. A vaccine comprising, as active ingredient, 
particles as claimed in any one of the preceding claims 
and a physiologically acceptable carrier or diluent. 

8. A method of vaccinating a human or animal, which 
method comprising the step of administering thereto an 
effective amount of particles as claim d in any one of 
claims 1 to 6 . 



9. A DNA sequence encoding a fusion protein 
comprising HBcAg to the amino terminus of which is linked 
a heterologous antigenic epitope, excluding the first 
eight amino-acids of S-GalactOBldase . 

10. A DNA sequence according to claim 9, wherein the 
heterologous antigenic epitope is fused directly to the 
KBcAg. 

11. A DNA sequence according to claim 9t wherein the 
heterologous antigenic epitope is fused to the HBcAg via 
a linker of from one to ten amino acid residues. 

12 . A DKA sequence according to any one of claims 9 
to 11 « wherein the heterologous antigenic epitope Is an 
epitope of a virus, bacterium or protozoan. 

13. A DNA sequence according to claim 12, wherein 
the ajitigenic epitope is an epitope of the foot-and-mouth 
disease virus, pollovlrus, human rhlnovlxus. Influenza 
virus or hepatitis B virus surface antigen. 

14. A DNA sequence according to claim 12, wherein 
the antigenic epitope is an epitope of Plasmodium 
f ^Igipprum- 

15. A vector which Incorporates a DNA sequence as 
claimed in any one of claim 9 to 14 ajid which is capable, 
when provided in a suitable host, of expressing the said 
fusion protein. 



16. A vector according to claim 15, which Is a 
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viral vector. 

17. A vector according to claim 16, which is a 
recombinant vaccinia virua which incorporates the said DNA 
sequence. 

IB. A vector according to claim 15, which is a 

plasmid. 

19. A host in which is provided a vector as 
claimed in any one of claims 15 to 18. 

20. A host according to claim 19 in which the 

>•* : vector is a viral vector and the host is a mammalian cell 

• • 

10 line. 

21. A process for the preparation of a vector as 
defined in claim 15, which process comprises incorporating 
a DKA sequence as claimed in any one of claims 9 to 14 
between tr anslational start and stop signals in a vector 

.1 15 and providing a promoter for the sequence* 

22. A process according to claim 21, wherein the 
vector is a virus. 

23. A process according to claim 22, comprising t 

(i) constructing a shuttle vector which 
20 incorporates, under the tranccr iptional control of a 

promoter, a DKA sequonco encoding the fusion protein 
between tranclational start and stop signalsi and 

(ii) transfecting with th shuttl v ctor and 
inf cting with a virus mammalian cells such that the DNA 

25 ccqu ncs and the pro>moter are incorporat d in th viral 
genome. 



• *• • 



24. A process according to claim 23, wherein the 
viruB iB a vaccinia virus. 

25. A process for the preparation of particles as 
claimed in any one of claims 1 to 6, which process 
comprises culturing a host ae claimed in claim 19 or 20 
such as to cause expression of the fusion protein and 
thereby formation of said particles. 

26. A process for the preparation of a vector as 
defined in claim 15, said process being substantially ae 
hereinbefore described in the Example* 

27. A process for the preparation of particles as 
claimed in any one of claims 1 to 6« said process being 
substantially as herein before described in the Example. 

Dated this 2nd day of September 1993 

THE WELLCn ME FOUNDATION LIMITED 
By their Patent Attorneys 
GRIFFITH HACK & CO 
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